1.. Introduction {#s0001}
================

In December 2019, an outbreak of viral pneumonia caused by a novel coronavirus (since named SARS-CoV-2) was identified in Wuhan, China. Within few months, this disease -- now known as coronavirus disease 2019 (COVID-19) -- spread worldwide, causing a global health emergency \[[@cit0001]\]. The classic routes for transmission of SARS-CoV-2 are airborne droplets and surface contamination. The clinical presentation of COVID-19 ranges from asymptomatic infection to severe respiratory failure, with fever, fatigue, and cough occurring in most cases \[[@cit0001]\]. However, the pathophysiology of SARS-CoV-2 infection is complex and is now known to involve activation of the immune and hematologic systems. Endotoxin and tumor necrosis factor (TNF-α) trigger the production of interleukin (IL)-6 and IL-8, which is followed by a cytokine storm. Further events lead to activation of the coagulation cascade through endothelial and tissue factor (TF) pathways, as well as systemic inflammatory activation \[[@cit0002]\]. Moreover, SARS-CoV-2 binds to angiotensin-converting enzyme-2 (ACE2) receptors, which are widely distributed not only in the lung alveolar epithelial cells and nasopharyngeal and oral mucosa but also in the endothelium and vascular smooth muscle cells, in the brain, in the gut, and in peripheral organs such as the liver and kidneys \[[@cit0003]\]. This suggests that the clinical spectrum of COVID-19 is not limited to local pneumonia, but rather represents a multisystem illness with involvement of different organs and potential for systemic complications \[[@cit0003]\].Figure 1.**MODS-CoV-2 features**. Possible organs involved in SARS-CoV-2 infection, including pulmonary, coagulation, cardiac, neurological, renal, hepatic, and gastrointestinal manifestations.

In this context, we aim to briefly discuss the pathophysiology and clinical manifestations of multiple organ damage after SARS-CoV-2 infection. The current definition of SARS-CoV-2 infection may be incorrect since this disease is not only a respiratory infection. However, we believe the recently suggested redefinition of COVID-19 as 'MicroCLOTS' \[[@cit0004]\] is also inappropriate because it is not only -- or even primarily -- a vascular disease. We therefore propose a new nomenclature, which includes the concept of multiple organ damage: multiple organ dysfunction in SARS-CoV-2 (MODS-CoV-2) ([Figure 1](#f0001){ref-type="fig"}).

2.. Lung impairment {#s0002}
===================

A proportion of cases with SARS-CoV-2 infection experience severe respiratory failure with need for mechanical ventilation \[[@cit0001]\]. Although SARS-CoV-2 has been initially described and treated as acute respiratory distress syndrome (ARDS), COVID-19 represents a novel viral infection of the lower respiratory tract whose pathophysiology and treatment are still poorly understood. In this context, chest computed tomography (CT), focusing not only on pulmonary structure but also on perfusion, may help understand the pathophysiology and guide personalized mechanical ventilation strategies \[[@cit0005],[@cit0006]\]. CT findings in COVID-19 vary among patients and with time and can be classified according to three broad phenotypes: multiple, focal, possibly overperfused ground-glass opacities; an overperfused-hypoperfused, patchy, ARDS-like pattern; or hypoperfused, inhomogeneously distributed atelectasis \[[@cit0006]\]. These phenotypes are attributed to different pathophysiological mechanisms and respiratory mechanics, thus requiring specific ventilatory strategies. Further, the importance of CT perfusion techniques must be emphasized for future CoVID-19 pulmonary assessment. Gattinoni et al. \[[@cit0007]\] described two phenotypes: L, characterized by low elastance, low ventilation-to-perfusion ratio, and low recruitability; and H, which presents with ARDS-like features. In phenotype L, the main cause of hypoxemia seems to be the impaired distribution of lung perfusion and shunting, and the use of moderate PEEP levels may be helpful to redistribute pulmonary blood flow from damaged to non-damaged lung areas. These patients are candidates for noninvasive ventilation, with low PEEP (max 10 cmH~2~O) to reach oxygen saturation (SpO~2~) values of 94--95%. In phenotype H, atelectasis is preponderant and moderate to high PEEP values can be used to promote lung recruitment, as can lateral or prone positioning. These patients probably require prompt intubation and invasive ventilation. Finally, evaluation of fibrotic development during the late stage (longer than 25 days) of non-resolving disease or follow-up in survivors must be considered by using chest CT. In summary, the use of personalized ventilator strategies based on respiratory mechanics and chest CT, focusing also on perfusion patterns, is warranted in all patients with severe COVID-19 who require mechanical ventilation \[[@cit0006]\].

3.. Coagulation disorders {#s0003}
=========================

A high incidence of thromboembolic and hemorrhagic events has been observed in COVID-19 patients \[[@cit0001]\]. SARS-CoV-2 infection may lead to activation of the coagulation cascade due to an imbalance between platelet function, the regulatory mechanisms of coagulation, and fibrinolysis. Coagulation derangements seem to be associated with high levels of pro-inflammatory markers such as tumor necrosis factor (TNF-α), interleukin (IL)-6, and IL-8. A recent retrospective study \[[@cit0008]\] found that 17% of COVID-19 patients were at high risk for venous thromboembolic events (VTE) and 6% were at high risk of bleeding due to VTE prophylaxis, thus suggesting that severe COVID-19 patients are at high risk for both thrombosis and bleeding, either one of which can have a significant negative effect on outcomes. Deep vein thrombosis and pulmonary embolism can occur in COVID-19 patients with pneumonia despite the use of prophylactic low-molecular-weight heparin (LMWH) \[[@cit0009]\]. Strict monitoring of coagulation function is warranted as well as prophylactic/therapeutic anticoagulation and prompt diagnosis of complications. The Sepsis-Induced Coagulopathy (SIC) Score, able to predicts likelihood of sepsis-induced coagulopathy, has been evaluated in the COVID-19 pandemic given concerns that COVID-19 may cause thrombosis. Traditional coagulation tests, including activated partial thromboplastin time (aPTT) and prothrombin time (PT), should be checked daily; eventually, protein C, protein S, antithrombin (AT), tissue factor pathway inhibitor (TFPI), D-dimers, and coagulation factors can be further investigated. Rotational thromboelastography (TEG) and thromboelastometry (ROTEM) may also be useful. To reduce the risk of microthrombosis and pulmonary embolism, LMWH or unfractionated heparin should be promptly administered, and treatment with antiplatelet agents (such as clopidogrel) can be considered depending on the patient's clinical conditions. However, careful attention must be paid to the risk of bleeding, and treatment should be individualized to each patient's risk profile \[[@cit0009]\].

4.. Cardiovascular impairment {#s0004}
=============================

There is growing evidence suggesting an increased incidence of cardiac injury in COVID-19 patients \[[@cit0010]\]. In a recent report including 138 patients with COVID-19 found that 7.2% developed acute cardiac injury, with a higher incidence in those admitted to the intensive care unit (22%), which suggests an important effect of cardiac injury on clinical outcome \[[@cit0010]\]. The largest study published so far on cardiac injury after COVID-19 \[[@cit0011]\] reported an incidence of 19.7%. Patients with cardiac injury were older, had more comorbidities (such as hypertension), higher leukocyte counts, and higher levels of inflammatory biomarkers (C-reactive protein, procalcitonin, and creatinine) than those without cardiac involvement. Moreover, they were more likely to exhibit ground-glass opacities and densities at radiography and require noninvasive and invasive mechanical ventilation. Patients with cardiac injury also had a higher incidence of complications such as kidney injury, electrolyte disturbances, and coagulation disorders, with a correspondingly higher case fatality rate. In short, cardiac injury is a common finding and seems to be related to both the severity of the disease as well as patient comorbidities. Even though coronaviruses (including MERS-CoV) are known to cause acute myocarditis with direct viral infection of the myocardium \[[@cit0012]\], evidence of cardiac dysfunction and direct effects of SARS-CoV-2 on the heart requires further research. Moreover, the impact of COVID-19-related respiratory failure and the use of high PEEP on right heart failure should always be taken into account, as well as the possible late complications of COVID-19 pneumonia in patients with pulmonary fibrosis, including pulmonary heart disease and pulmonary hypertension \[[@cit0013]\]. Meanwhile, strict monitoring of cardiac function using bedside echocardiography, electrocardiography, and standard biomarkers -- such as troponin and brain natriuretic peptide (BNP), which has shown to have prognostic value in COVID-19 patients \[[@cit0014]\] -- is warranted.

5.. Neurological manifestations {#s0005}
===============================

A possible involvement of the central and peripheral nervous system after SARS-CoV-2 infection has also been described, with patients reporting loss of sense of smell or taste, suggesting that the virus might spread from the olfactory epithelium to the brain \[[@cit0015]\]. Many neurological manifestations have been described recently, ranging from nonspecific signs and symptoms such as headache to epileptic seizures and the Guillain-Barré syndrome have also been recently reported \[[@cit0016]\]. The potential neurotropic mechanism of COVID-19 may also be due to viral passage from the systemic to the cerebral circulation through the microcirculation, followed by binding to ACE2 receptors in the capillary endothelium \[[@cit0017]\]. Additionally, neurological damage during the course of SARS-CoV-2 infection may be associated with coagulopathy, with a higher rate of systemic and local thrombotic events \[[@cit0001],[@cit0018]\].

Ischemic or hemorrhagic stroke has been associated with increased D-dimer levels \[[@cit0018]\]. In a recent study of 58 COVID-19 patients, neurological involvement was detected in 14% at ICU admission and 67% after sedation hold, with agitation and confusion being the most common symptoms. Neuroradiological features consistent with meningoencephalitis were demonstrated in eight patients, and areas of small acute ischemic stroke and subacute ischemic stroke were noted. However, in all patients, RT-PCR assays of CSF samples were negative for SARS-CoV-2 \[[@cit0010]\]. Few studies and case reports have reported direct nervous system involvement after SARS-CoV-2 infection, either in addition to respiratory failure and systemic disease or as the primary clinical presentation \[[@cit0017]\]. A recent case report described acute necrotizing encephalopathy (ANE) in a patient with COVID-19 \[[@cit0019]\]. ANE has been previously described as a possible complication of influenza and other viral infections, with its pathogenesis apparently associated with an intracranial cytokine storm, resulting in blood-brain barrier disruption but with no direct viral invasion or para-infectious demyelination \[[@cit0002]\]. In summary, the neurotropic effect of SARS-CoV-2 requires elucidation, and the neurological features described are likely related to the effects of the systemic infection rather than a direct effect of the virus on the brain.

6.. Liver and kidney injury {#s0006}
===========================

Some patients can have microemboli in the hepatic and renal vessels, as demonstrated on abdominal CT scan, as consequence of the prothrombotic state \[[@cit0020]\] resulting in liver and kidney damage. Liver and kidney damage in COVID-19 can be also drug-related. Lopinavir/ritonavir, oseltamivir, ribavirin, remdesivir, and chloroquine or hydroxychloroquine \[[@cit0021]\], which have been or are being tested as potential treatments for SARS-CoV-2 infection, are all metabolized in the liver, and most of their metabolites are subject to renal excretion. Liver and kidney damage can therefore have an important effect on the concentration, metabolism, and excretion of these medications, thus increasing the risk of toxicity and further hindering consensus as to therapeutic effects and optimal doses. A case report of a COVID-19 patient with liver injury described moderate microvesicular steatosis and mild lobular and portal activity in liver biopsy specimens \[[@cit0022]\]. However, whether the occurrence of liver dysfunction is related to a direct effect of the virus or to the adverse effect profile of any medications used is unclear \[[@cit0022]\]. Similarly, an increased incidence of acute renal injury has been described in COVID-19 patients and is associated with higher fatality \[[@cit0023]\]. Several mechanisms can be implicated: (1) hypertension, often observed in these patients, can result from a pro-inflammatory status, which may cause derangement of renal peripheral vascular resistance; (2) angiotensin II--induced hypertension can cause polarization of CD4 + T cells toward Th1 and Th17 phenotypes, thus increasing IFN-γ, IL-6, and IL-17 expression and CD8 + T cell counts in the kidney \[[@cit0023]\]; and (3) the innate immune response, including monocytes, macrophages, granulocytes, and dendritic cells, seems to be involved in the endothelial dysfunction observed in angiotensin II--induced hypertension \[[@cit0023]\]. In summary, evidence is lacking regarding the pathophysiology of hepatic and kidney damage in COVID-19, which are likely to be multifactorial and related to both direct and indirect effects of the infection on the liver and kidneys. Strict monitoring of organ-damage biomarkers, as well as serial imaging, are warranted in case of suspected involvement of these organs in order to reduce morbidity and optimize medication regimens. COVID-19 patients may also present with gastrointestinal symptoms such as diarrhea, abdominal pain, and vomiting \[[@cit0024]\]. This is consistent with the fact that ACE2 receptors, a key target for SARS-CoV-2 infection, are highly expressed in the gastrointestinal tract as a whole and in the small bowel in particular. Alteration of the gut microbiota and endothelial inflammation can themselves contribute to spreading the virus \[[@cit0025]\]. Although evidence is lacking in this context, probiotics, prebiotics, and symbiotics are being employed to improve gut dysbiosis, and a specific probiotic has been suggested for COVID-19 patients \[[@cit0025]\].

7.. Conclusions {#s0007}
===============

Although initially described as a viral pneumonia, SARS-CoV-2 infection seems to present features of a multisystem disease, with impairment of several organs. Clinicians should be aware of potential systemic complications and their management when treating a disease which might be more correctly renamed SARS-CoV-2-associated multiple organ dysfunction syndrome. Research aiming to clarify the mechanisms, clinical features, and management of this disease is urgently needed. Future investigations should focus on exploring the pathophysiology of multiorgan dysfunction, new therapeutic targets, and treatment individualization with personalized approaches to management of 'multiorgan COVID-19' -- MODSCoV-2.
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